The role of physics in PET and SPECT data pro cessing is to provide investigators with an accurate set of image data and a good estimate of the limits of the accuracy of those data, which will allow them to determine the amount and spatial distribu tion of radioisotope in the cross section of brain represented by the image.
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SPECIFIC PROBLEM AREAS

Resolution and resolution uniformity
The limiting resolution of PET systems is on the order of 3-4 mm owing to the physical properties of the annihilation process and the physical size re quired of a system for imaging a human head. The limiting resolution of SPECT systems is due pri marily to the low count densities available, which in turn require the use of low-resolution, high-effi ciency collimators. While 8-mm resolutions are possible in phantom studies, practical resolutions in SPECT range from 12 to 20 mm. Existing systems (PET and SPECT) have resolutions in the range of 5-20 mm of resolution. Many of the important structures in the brain are smaller than even the 3-4 mm of the best possible systems. Any struc ture smaller than twice the image resolution of the PET system will suffer some loss in the apparent amount of positron emitter in that structure. A structure equal in width to the resolution will ap parently have only 75% of the correct isotope con centration in the image. The loss of quantitative in formation is limited by both the image resolution and the axial resolution or slice thickness.
Resolution uniformity is another aspect of the resolution problem. In a system with adequately uniform resolution, the interpretation and analysis of data are consistent throughout the image. If there is significant nonuniformity, the user must be aware of the nonuniformity, and the variation of resolution as a function of position should be con sidered for accurate data analysis. The primary area of difficulty in resolution nonuniformity in PET is experienced in slice thickness of cross-plane data. The tangential component of slice thickness can vary by a factor of three from the center to J Cereb Blood Flow Metab. Vol. 7. No.2, 1987 edge of the field of view of a neurological PET system. In such systems the cross-plane data are not comparable with the regular plane data, causing inconvenience if not difficulty in data analysis. In SPECT, nonuniformity in resolution has always been a major concern in all measurements, and careful development of measurement techniques is required to minimize this problem.
Attenuation correction
In a cross section the size of the human head, only �20% of the annihilation photons escape to be detected without scatter or absorption. Correction for attenuation is not a small adjustment to the data, but a major correction on the order of a factor of five to seven through the center of the brain. The absolute accuracy of the amount of positron ac tivity is directly dependent upon the accuracy of the correction method. It is possible to approxi mate the correction from the geometry and average attenuation of the head and its position in the field of view of the PET scanner, and it is also possible to measure the attenuation directly with the PET system. Both methods have limitations in accuracy that can be on the order of 10-20% even when the methods are carefully applied.
In SPECT the attenuation correction has been a major source of difficulty for all investigators who have attempted to perform quantitative measure ments. Not only is the correction a large factor as in PET imaging, but it is also a function of depth in the field of view, which complicates all correction schemes.
Accidental coincidences
Accidental coincidences are a form of back ground noise in PET that is caused by two unre lated annihilation photons accidentally arriving at two detectors within the resolving time of the system. The rate of accidental coincidences de pends upon the resolving time of the system and the counting rates of the detectors and is therefore dependent upon both the electronic resolving time and the geometry and lead-shielding designs of the PET system. Accidental coincidences can be deter-ASSESSMENT OF FUNCTIONAL IMAGING S5 mined simultaneously with prompt coincidences by also measuring the coincidence rate in a separate channel that has been delayed beyond the true co incidence resolving time. The difference between the two determinations is the true coincidence count. In this case the errors are those of the propa gation of errors in counting statistics. The acci dentals can also be approximated by using the data in each angular view that is beyond the physical position of the object as a measure of the accidental and scatter events.
Scatter coincidences
As stated above, only 20% of the annihilation photons emitted in imaging the brain are useful for imaging, and almost 100% of the remainder are scattered but still escape the brain to strike the de tectors of the PET system to potentially cause scatter coincidences. In current systems the ratio of scatter to true coincidences has been estimated to range from 8 to 50%. Scatter coincidences cannot be measured directly and will cause an In SPECT scatter can easily be a 20% contribu tion to the image data and can cause problems in both resolution and quantitation, since it appears as a low-frequency background in the data. As in PET the scatter can be removed only by approximate methods that model the scatter distribution and subtract an estimate of the scatter from the data.
Deadtime
The count rates in many PET studies, particu larly dynamic studies with short-lived isotopes, are sufficiently high to cause data loss because of the time required to process each event ("deadtime" ).
The deadtime of a PET system is not a simple func tion of the coincidence count rate, as might be seen for a SPECT system, but can be complex function An area in which it would be fruitful for the physics group to interact directly with those creating the standard atlas for the brain is in the development of a better approach to performing the calculated attenuation correction. The present ap proach is either to approximate the size of the head with an ellipse that is fitted visually to an emission image that has been reconstructed without attenua tion correction or to use edge-finding techniques to estimate the outer limits of the head. The tech niques both assume a constant attenuating medium. tion. If the two groups had used the same criteria for resolution, it would be obvious why one system was able to measure something the other could not.
Knowledge of the various sources and magnitudes
of errors is the first step in deciding whether or not to consider compensation techniques for the error and how to perform the correction.
If a data base and a program library are the result of these workshops, the former should contain a complete set of parameters defining each system and the latter the various data correction schemes used by the various systems in their data collection.
The outline above is the skeleton of a minimal data base, which has the advantage of being simple enough that there is a realistic possibility that the data might actually be collected. Ideally, a more comprehensive set of data would be gathered. Such a system would be very useful to every group that is serious about performing quantitative analysis of PET or SPECT data.
